Background: Metabolic syndrome (MetS) is used as a clinical tool to identify individuals at risk of cardiovascular disease (CVD) but its clinical value in the management of type 2 diabetes mellitus (T2DM) remains uncertain. Aim: To determine the prevalence and clinical usefulness of MetS among patients with T2DM attending diabetes clinics in a large teaching hospital. Design: Prospective observational study. Methods: Prevalence of MetS was determined by using International Diabetes Federation (IDF) and National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATPIII) definitions in relation to age, sex, diabetes duration and history of CVD. Results: A total of 390 patients were included in this study. Both IDF and NCEP-ATPIII definitions identified high prevalence of MetS in male and female
Introduction
Metabolic syndrome (MetS) refers to clustering of risk factors that promote the development of atherosclerotic cardiovascular disease (CVD) and its clinical role is to identify individuals at risk of this complication. Although there is general consensus regarding the main components of the syndrome (glucose intolerance, obesity, hypertension and dyslipidaemia), various definitions of MetS have been proposed. [1] [2] [3] As a consequence, no standard definition was routinely used and this has led to absence of comparability between studies in different populations. The latest definition proposed by the International Diabetes Federation (IDF) was intended to be applicable to various ethnic populations worldwide. 4 Apart from the IDF diagnostic criteria, the other definition most commonly used in clinical practice is National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATPIII). 2 These two definitions incorporated clinically relevant and pragmatic measurements including waist circumference (WC) to determine central obesity in their diagnostic criteria. However, the IDF definition has significant differences from NCEP-ATPIII in three key aspects. First, the IDF definition emphasized the importance of central obesity as defined by WC in the diagnosis of MetS and made WC a mandatory rather than an optional diagnostic component; secondly, the threshold for WC was lowered and thirdly, ethnic-specific WC thresholds to diagnose central obesity were added.
In contrast to non-diabetic populations, few studies have examined the clinical relevance of the new IDF definition on the diagnosis of MetS in type 2 diabetes mellitus (T2DM). In the UK, only one study has been performed to examine the clinical significance of MetS in T2DM. 5 In this study, MetS was defined by using the modified NCEP-ATPIII definition in which the WC was not measured and was substituted by body mass index as a measure of central adiposity. At present, the clinical significance and relevance of IDF and NCEP-ATPIIIdefined MetS using WC as a measure of central obesity in the CVD risk management among patients with T2DM in the UK remains unknown. This issue requires an objective and practical assessment as there is a proposal recommending routine diagnosis of MetS to guide CVD risk management. 4 The aims of this study are (i) to estimate the prevalence of MetS using IDF definition among T2DM patients who attended diabetes clinics in a UK teaching hospital; (ii) to compare the prevalence of MetS with those based on NCEP-ATPIII definition; (iii) to assess the concordance between these two definitions and (iv) to determine the clinical usefulness of MetS.
Methods
Patients with T2DM who attended hospital diabetes clinics for their clinical care were included in this study. For each patient, the following data were collected: age, sex, ethnicity, diabetes duration, weight, body mass index, WC, blood pressure, HDL cholesterol, triglyceride, total cholesterol, HbA1c and history of CVD defined by presence of ischaemic heart disease, cerebrovascular disease and peripheral vascular disease. The lipid profile was performed on fasting samples. MetS was defined using the IDF and NCEP-ATPIII definitions as detailed subsequently.
NCEP-ATPIII definition
Diagnosis is based on the presence of three or more of these risk factors: abdominal obesity defined by WC >102 cm in men and >88 cm in women, serum triglyceride >1.7 mmol/l, HDL cholesterol <1.03 mmol/l in men and <1.29 mmol/l in women, blood pressure >130/85 and a fasting glucose >6.1 mmol/l. T2DM patients with at least two other risk factors are deemed to have MetS.
IDF definition
The new diagnostic criteria are central obesity, defined as WC >94 cm and >80 cm for Caucasian male and female, respectively or >90 cm and >80 cm for Asian male and female, respectively; together with two of the following: raised triglycerides >1.7 mmol/l or specific treatment for this lipid abnormality; reduced HDL-cholesterol (<1.03 mmol/l in males and <1.29 mmol/l in females) or specific treatment for this lipid abnormality; blood pressure >130/85 mm Hg; and fasting hyperglycaemia, defined as glucose >5.6 mmol/l or previous diagnosis of diabetes or impaired glucose tolerance. T2DM patients with at least one other risk factor after fulfilling the WC threshold are deemed to have MetS.
Statistical analysis was performed using either Students t-test or chi-square. Test of concordance between IDF and NCEP-ATPIII definitions were analysed by the kappa test. P-value <0.05 were considered significant. Data are expressed as mean and standard deviation.
Results

Baseline clinical characteristics
A total of 390 patients with T2DM were included in this study. Baseline clinical characteristics of these patients are shown in Table 1 . Mean age was Among those below 40 years of age, 70-75% had MetS. After the age of 40, the proportion of patients with MetS increased to 90-95% and remained static across different age groups (Table 3 ). In parallel with the high MetS prevalence, a high degree of central obesity was also observed regardless of age and gender. Mean WC was 113 cm across all age groups in male and female patients ( Table 3) . Prevalence of MetS was high regardless of diabetes duration (Table 4) . Only 10 out of 390 (2.5%) patients were treated with fibrate and despite this, all of these patients had MetS with both criteria. None of the patients in this study cohort was treated with nicotinic acid.
Association with macrovascular complication
Patients with MetS had higher prevalence of CVD complications (IDF; MetS vs. no MetS, 39.1 vs.
18.5%, P < 0.001 and NCEP-ATPIII; MetS vs. no MetS, 39.7 vs. 18.9%, P < 0.001). Among those with CVD (n = 147), both definitions similarly identified 139 (94.5%) patients with this complication indicating high degree of concordance in CVD identification between these two definitions (k = 0.65, P < 0.0001). A high prevalence of MetS was also observed among patients without CVD but this was slightly lower compared to those with CVD 
Discussion
To our knowledge, this is the first study to examine the prevalence and usefulness of IDF and NCEP-ATPIII-defined MetS in clinical practice among patients with T2DM in a UK population. Despite limiting the diagnosis of MetS to those with abdominal obesity and lowering WC diagnostic threshold for central obesity, the IDF definition was similar to NCEP-ATPIII in its ability to identify MetS in T2DM. The two definitions similarly classified 94% of patients as either having or not having MetS. This high degree of concordance could be explained by the fact that the two definitions use the same five diagnostic components and apart from WC, the remaining criteria are nearly identically defined. The level of WC observed in this study far exceeded the diagnostic threshold for both definitions and is likely to have contributed to the similarity in the diagnosis of MetS. Our observation adds to the variation in the prevalence of IDF-defined MetS reported in different T2DM populations. [6] [7] [8] [9] [10] The reported prevalence varied from 20 to 75% depending on the ethnicity of the study population with the lowest and highest prevalence in Japanese 6 and Italian cohorts, 7, 8 respectively. In our study cohort, consisting predominantly of white Caucasian patients, a higher prevalence (90-95%) was observed. The patient characteristics in these studies may explain the variation in MetS prevalence. The Japanese, 6 Italian, 7,8 Chinese 9 and Hong Kong 10 cohorts had lower body weight, body mass index and WC with similar lipid and blood pressure profiles compared to our cohort. It is plausible that the lesser degree of central obesity leads to lower prevalence of MetS since IDF definition requires quantification of central obesity as mandatory for its diagnosis. Furthermore, the concordance between NCEP-ATPIII and IDF definitions is also much higher in our cohort (90-95%) compared to Japanese, 6 Italian, 7, 8 Chinese 9 and Hong Kong 10 cohorts (up to 70%). These observations suggest that the new IDF definition varies in its ability to identify T2DM patients with MetS in different populations.
Our observation of the high prevalence of MetS raises debate in relation to its clinical value in the CVD risk management of T2DM. It supports the concept of T2DM as a condition at risk of cardiovascular complications characterized by clustering of multiple risk factors. However, it is questionable whether diagnosing MetS is necessary for identification of high risk individuals above 40 years of age where its prevalence exceeds 90%. The prognostic role of MetS, defined by measuring WC as a surrogate for central obesity with either IDF or NCEP-ATPIII definitions, in predicting future CVD events remains unproven in UK population. On the other hand, multi-factorial intervention, in which there is strong clinical evidence for its role in reducing CVD and diabetes-related microvascular complications, 11 is now a recognized approach in the clinical management of T2DM endorsed by national guideline. 12 Among young T2DM subjects aged below 40 years, our previous work demonstrated that multiple risk factor clustering is common. 13 This present study, by measuring WC to determine the presence of central obesity and quantifying the prevalence of MetS as a marker of risk factor clustering, confirms our previous observation. Young T2DM patients are increasingly recognized to be at risk of CVD complications as manifested by greater reduction in life expectancy compared to those diagnosed at later life with major cause of mortality due to CVD, 14 higher relative risk of developing myocardial infarction 15 and possessing adverse CVD risk profile. 13, 16 Preventing cardiovascular complication is therefore important. The strategy of risk stratification by determining the presence of additional cardiovascular risk factors as a guide to initiate lipid-lowering therapy for primary prevention of CVD as recommended by Joint British Societies-2 guideline 12 may be a reasonable approach for T2DM subjects below 40 years. As there is paucity of clinical trial evidence in this young cohort, clinical judgement is required to initiate cardio-protective therapies and the observation from this study supports the Joint British Societies-2 recommendation.
The concept of MetS has been questioned including its ability to predict CVD complications. 17 The IDF definition is no exception. In comparison to NCEP-ATPIII, the IDF definition was not a better predictor of CVD event and all-cause mortality in some T2DM populations. 6, 8, 10 Various factors could have contributed to these observations including inaccurate WC threshold to define central obesity in certain ethnic groups, 6, 9, 18 ethnic differences in the pathophysiology of diabetes 19 and exclusion of CVD risk factors (such as LDL cholesterol) unrelated to insulin resistance from the MetS definition. Indispensability of central obesity in the IDF definition has also been questioned. 6 This issue was illustrated in our cohort where almost 60% of patients deemed not to have IDF-defined MetS by failure to fulfil the mandatory WC threshold had multiple CVD risk factors.
There are limitations to this study. First, there is no prospective data on the development of CVD events and hence, the prognostic implications of the IDF and NCEP-ATPIII definitions could not be determined. In the UK, there is only one study performed in T2DM on the prognostic impact of MetS but it utilized modified NCEP-ATPIII definition where WC was substituted with body mass index as a measure of central obesity. 5 Secondly, as this is a hospital clinic rather than population based, our observations may not be extrapolated to the majority of T2DM patients whose care is delivered in the community. It is possible that higher risk patients are preferentially referred to hospital clinics.
In conclusion, MetS is extremely common in a hospital population of T2DM regardless of age, sex, diabetes duration and prior history of CVD. Despite changes in the diagnostic criteria, the IDF definition is not better than NCEP-ATPIII in identifying T2DM patients with MetS. Both definitions could be used interchangeably for diagnostic purpose in this sample of UK population. However, the clinical value of diagnosing MetS in the CVD risk management of T2DM is debatable. From a pragmatic perspective, T2DM can be regarded as a high risk condition with multiple CVD risk factors. These individual risk factors should be actively searched for and intensively treated including among young patients (<40 years of age).
Conflict of interest:
None declared.
